NOCbl Synthesis: For the preparation of pure NO gas, small amounts (<1 mg) of copper tetrachloride (CuCl4), ascorbic acid, and sodium nitrite (NaNO3) were dissolved in 500 μL of degassed MilliQ water in a vial purged with Argon gas. The reaction was allowed to proceed for 1 minute. Under positive argon pressure, a steel cannula that was connected to the vial containing the NO gas was inserted into a freshly prepared ~2 mM Co(II)Cbl solution (see main text for details). A distinct color change from yellow to orange was observed upon the reaction of Co(II)Cbl with NO gas. The reaction was allowed to proceed for 2 hours at room temperature before the cannula was removed and the headspace of the vial containing the NOCbl product was purged with argon for 5 minutes. Following this preparation, spectroscopic samples were prepared according to the methods outlined previously. 1
Where α is the fractional contribution from the Co-based NBOs, obtained from the %NBO character computed for the corresponding NLMO. To obtain the Co 3d AO contributions to each NBOs, the %Co and %N compositions from our NBO analysis were used.
Where δ is the fractional contribution from Co-based orbitals (see Table 5 ). To estimate the fractional number of 3d electrons, d, the contributions from the Co 3d AOs to each doublyoccupied Co-based NLMO obtained by the product of δ and α are weighted by the occupancy of the NLMO.
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For the case where the NLMOs are singly occupied, a sum for each spin manifold is carried out.
(3) (4) Table S1 . Only the labels for non-hydrogen atoms of the corrin ring, the NO ligand, and the coordinating N atom of the DMB ligand are shown. Figure S16 . Truncated NOCbi + model employed in this work showing the atom numbering scheme used in Table S2 . Only the labels for non-hydrogen atoms of the corrin ring, the NO ligand, and the O atom of the water ligand are shown.
